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IN THE UNITED STATES PATENT AND TRADEMARK OlT'lCE 



Applicant: 
Application No,: 
Filed: 

t'onfinnalion No. 

For; 



Yuan-Tseng Chen 
09/902,461 
July 10, 2001 
67% 



Group: 
Examiner; 



1654 

M. Mcllcr 



TREATMENT OF GLYCOGEN STORAGE DISUASE TYPE II 



certificate of mailing or transmission 

I hereby cen ify th:ii Hi is con cpondnncc is botfly deposited wilh ilie ITnik-d 
Smtcs Postal Service wilh sufficient p«si:in.c n« Pirsl Class Mail in an 
i:iivctoj>c initialed to CninnibS ion w for Patents, P.O. Dox 145U, AlcxnnOi in, 
VA 223 13-1 450, or is U;ing facsimile liummiutcl to the United .Slitlcs PMcnt 
ami Tnulvmaije OfHce on: , . A 

/Of it fa ? ( / , ufoias f /M/,><* tjKt .^ 



Typed or prinicd name ot'ptl'son signing rcrrjficate 



Mail Slop AF 
Commissioner for Patents 
P.O. Uox 1450 
Alexandria, VA 22313-1450 



Sir: 



Tinnsmilled herewith is a Remarks Al ter Final Re j ection Tor filing in the above-identified 
application. 

| ] Small cniity status of this application under 37 C.F.U. 1 .9 ond 1 .27 has been 
established by a Small Entity Statement previously submitted. 

[ ] A Small Imtity Statement to establish small entity status under 37 C.F.R. 1.9 and 
1,27 is enclosed. 



The lee lias been enleuhital as shown below: 



(COL. I) 



TOTAL 

lndlp 



CLAIMS 
UF.MA1N1NG 

AKITiK 
AMI-NOMl'.NT 



22 



MINUS 



MINUS 



(COL, 2) 



UlfiflRSTNO. 
PREVIOUSLY 
PAID FOR 



22 



(COL. 3) 



PRESENT 
EXTRA 



0 



I I FIRST PHFSI3NTATION OP MULTIPLE OFP, CLAIM 



* not fewer thnu 20 

4* l ... ■ ' 



SMALL IsNTITY 



RATH 


ADDIT, 
FHK 


X $9 


$ 0 


X $42 


$ 0 


+ $140 


$ 0 



OTllGRTUAN 



SMALL ENTITY 




AUDIT. 


RATE 


FRE 


X sis 


.$ 0 


X $84 


$ 0 


•i S2S0 


$ 0 
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Plejtsc charge Deposit Account No. 08-03SO for the following ices: 

[.,.] Petition for [ ]nionth Extension of Time S 
[ ] Amendment Fee $ 
[...] Other Pecs: 

$ 



TOTAL: $ 0 



A check is enclosed in payment of the following fees: 

[ ] Petition for one nionlh Extension of Time $ 
[ | Amendment Fee $ 
[' J Oilier Fees: 

$ 

Si 



TOTAL: $ 0 



|X ] A general autliori/alion is hereby granted lo charge Deposit Account No. 08-0380 

for any lees required under 37 C.F.R. 1.16 and 1 . 1 7 in order lo maintain pendency of 
this application. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, I'.C. 

Elizabeth W. Mala 
Registration No.:38,236 
Telephone (978)341-0030 
Facsimile (978)341-0136 



Concord, Massachusetts 01 742-9133 
Dated: io /jbffl^ 



OCT-1 6-2003 THU 01:36 PM HBSR 



FAX NO. 1 978 341 0136 



P. 04 



OGlVliWM/cmm 
OW26/0.* 



PAibNl application 
Attorney's Dockei No,; 2984. 1 00 0-0O4 

Kxpcdilcd P rocedure u nder 37 C.F.R. I J 16 
Ca ei i n j n i.nj* CJ n> u j 5 4 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICII 



Applicant: 
Application No.; 
Filet): 

Confirmation No. 
For; 



YuaivTsong Chen 
00/002,461 
July 10, 2001 
6706 



Group: 
Examiner: 



1654 

M. Mellcr 



TREATMENT OF GLYCOGEN STORAGE DISEASE TYPE II 



CERTIFICATE OP MAILING OR TRANSMISSION 
I hereby cui lily dint this correspondence is bring deposited wiih ihc Uniled 
Sf.iics Po*t;\l Su-vico will\ suflictcnt pohtigu as Kirst Class Mail in an 
envelope addrcssud to Con uniis ioncr for Patents. P.O. Uox 1450, Alexandria 
VA 223 1 3* 1450, or i* bcinfj, raijsimilc irontfmUlcii lo ihc United Stales l*aiem 
and Irutjemurk Office on: , 



I'ypcd or pHntud name of person .signing eeijUficiyu 



REMARKS AFTliR FINAL REJECTION 



Mail Stop AV 
Commissioner Tor Intents 
P.O.Box 1450 
Alexandria, VA 22313-1450 

Sir: 

These remarks arc submitted as requested by the Examiner at an interview on September 
] 7, 2003 find in response to the Office Action, made final, mailed from the US PTO on June 3, 
2003. A Notice of Appeal was mailed on October 3, 2003 and received at ihe US PTO on 
October f>, 2003. 

RJ1MMKS 

Applicant's Attorney thanks the Examiner for granting the interview of September 17, 
2003 and for bis suygeslions at ihc interview. Claims 1-9 and 1 1-23 are pending. 
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Rejections .under 35 U.S.C. $1 12., second paragraph 

The Hxaminer rejected Claims 1-9 and 11-23, slating that (he term "periodically" was 
indefinite. This rejection is improper for the following reasons. 

Words not specifically defined in the specification should be read as they would bo by 
one of ordinary skill in the art, (M.P.E.P, 21 11.01). Furthermore, a dictionary is an appropriate 
objective resource lhat can serve as a reliable source of information on established meaning that 
could he attributed to a claim term by one of skill in the art (see, e.g., Intellect u al Prope rty 
Development hie, v. [JA-Columbia C aWcvi si on of W es tchester inc.. 68 USPQ2d 13S5 (CAFC 
2003)). The Merriam- Webster Dictionary indicates lhat the term, "periodically" means "at 
regular intervals of lime,'* for the Kxaminer's convenience, a copy of the Dictionary entry is 
attached as Exhibit A. 

Further, the Specification provides several examples of what is intended by the term 
''periodically/' See, e.g., p. 3, line 1 , where it says "periodically (e.g., monthly, bimonthly, 
weekly, biweekly). See also p, 9, line 21 where it says "periodically (as distinguished from a 
one-time dose)", This language supports the ordinary definition of the terra, periodically, as it is 
act forth in the dictionary. Thus, one of ordinary skill in the art would understand that 
"periodically" refers to administration at intervals of tunc. This is further supported by the 
additional claim language regarding administration "at an administration interval/' 

Applicant's Attorney also notes that the term, "periodically" has been used in other 
patents relating to therapeutic application or administration of drugs or medications, without a 
specific definition of the term. See, for example, US Patents 4,735,802; 4,749,708; 4,761,417; 
4,833,132; 5,292,754; 6,133,317; and 0,464,994, 

In view of these considerations, the claims particularly point out and distinctly claim the 
invention, as one of ordinary skill in the art would understand the scope ofthe term, 
"periodically/' Reconsideration and withdrawal ofthe rejection arc respectfully requested. 

Rejection of Claims under 35 t/.S.C. J 02(h) 

The Hxaminer rejected Claims 1-4, 9, 21 and 23 as being anticipated by fuller ct aL> 
slating that Puller ti al describe treatment of Pompe's disease by administration of hGAA and 
that the enzyme is administered to an individual. 
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h\ order for a reference to anticipate a claim, each and every element at set forth jn the 
claim nuisi be found, either expressly or inherently described, in the reference (sec, e.g., M.P.E.P. 
§2 131). The following elements of ihc claims are neither expressly or inherently described by 
Fuller et ai ; 1) administration to a human individual, 2) administration periodically and at an 
administration interval; 3) treatment of glycogen storage disease type 11 in a human individual. 

Fuller et ai do not describe administration of GAA to anything other than cells in 
culture, nor do they describe administration of GAA periodically, at an administration interval. 
In addition. Fuller et a/, do not describe "treatment" of disease in an individual, as that term is 
described in the current Specification and would be understood by one of ordinary skill in the art. 
Neither uptake of enzyme by cultured human fibroblasts, nor uptake of en/.ymc by cultured 
human skeletal muscle cells and subsequent processing of lysosomal glycogen in the muscle 
cells, both occurring in the short term (e.g., 12 to 24 hours) indicates whether administration of 
the GAA to a patient periodically, at an administration interval, will treat the disease (e.g., by 
ameliorating one or more symptoms associated with the disease, preventing or delaying the onset 
of one or more symptoms of the disease, and/or lessening the severity or frequency of one or 
more symptoms of the disease). It is known in the art that in vitro cell culture conditions differ 
significantly from in vivo conditions; for example, when enzyme is administered in vivo by 
inlravcnous infusion, the muscle cells don't come into direct contact with enzyme as they do in 
cell culture. Furthermore, the endothelial barrier as well as the interstitial connective tissue must 
be passed in vivo, See, for example, Rcuser et ai (Bur. J. Pediair. 16 1 ;S1 06-S1 1 1 (2002); a copy 
of which is attached for the Examiner's convenience as Exhibit C). 

Furthermore, Fuller et ai cannot describe treatment of cardiomyopathy, as set forth in 
Claim 21, as they do not describe administration of enzyme to heart cells. In view of these 
considerations, Fuller et ai do not teach each and every aspect of the claimed invention. 
Therefore, the claims are not anticipated by the teachings of Fuller ei ai 

Applicant's Attorney notes that the Examiner stated that Claim 21 only requires that the 
"human individual" has glycogen storage disease type II. If the Examiner believes that 
amendment of Ihc claim to specify that the human individual has cardiomyopathy, Applicant 
would be willing to consider doing so. 
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Rcjcctiouof Claitn s un der 35 U.S.C . $103 

The Examiner rejected Claims 1-7, 1 M8, 21 and 23 as anticipated by, or in the 
alternative, as obvious over, Fuller ct al. The Examiner also rejected the claims as being obvious 
over duller ct a I. 

As indicated above, Fuller ct al slate thai they believe that (he precursor GAA 4 \viJI be a 
useful candidate for replacement therapy in GSD 11 patients/ 1 Assuming arguendo that one of 
ordinary skill in the art was motivated to try to treat Pornpc's disease by this teaching of Fuller ct 
ai y the current invention would nevertheless not have been obvious, because one of ordinary skill 
in the art would not have had a reasonable expectation thai ircatmcnt would be successful. 

The terrible effects of Pompe's disease and Dr. Chen's successful treatment are described 
by the Muscular Dystrophy Association (MDA) in the publication QUEST (Volume 10, Number 
2, March/April 2003), A copy of (his publication was left as a courtesy with the Examiner during 
(ho interview on September 1 7. For convenience, a copy is also attached as Exhibit B. 

Pompe's disease is a rare disease which is extremely devastating for the afflicted 
individuals; infants with the disease are not expected to live beyond one year of age. The disease 
has been known for about seventy years, since the early 1930's, and the enzyme deficiency has 
been known for about forty years, since the 1960 T s, Aud yet, many attempts at treatment of the 
disease by administration of replacement enzyme have failed. See, for example, Van der Ploeg ct 
at, ( J. Clin, ftwest 87:513^518 (1991), cited in IDS as reference AW3, which lists several 
references I hat indicate that attempts at enzyme replacement therapy have failed); Williams ct al 
(Birth Defects: Original Article series Volume XV], no. 1 , pp. 415-423 (19S0), cited in IDS as 
reference AW, which stales lhat a preliminary trial to treat a terminally ill patient with Pompe 
disease was not clinically successful); and de Barsy et al (Birth Defects: Original Article Scries, 
Vol IX. No, 2, pp. 184-1 90(1973), cited in IDS as reference AU2, which states lhat no 
conspicuous morphologic or clinical improvements were noted after an attempt to treat a patient 
Willi enzyme; that no morphologic or biochemical evidence of replacement therapy had been 
obtained to date; and lh>n it appeared that the enzyme was not being transported to the relevant 
pi nccs in the body). 

Dr. Chen has demonstrated successful treatment of this genetic disease by administration 
of the enzyme to a human individual. As described in detail in the Example in the application, 
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pci iodic administration of GAA produced in Chinese hamster ovary cells lo three separate 
patients, ro.su Ucd in significant amelioration of symptoms associated with the disease, as well as 
delay in onset of more severe symptoms. For example, significant improvements in cardiac 
parameters wore noted; pulmonary function and skeletal muscle functions improved and 
remained normal in one patient; neurologic and developmental characteristics were improved or 
remained normal. The successful reversal of certain symptoms in all patients, as well as the 
normal muscle functions, neurologic and developmental characteristics of the third patient, were 
highly significant because it was previously unknown whether human symptoms could he 
alleviated or whether normal development could be achieved by administration of GAA. 
Without treatment, ihese children were expected to die; as reported in the attached MDA article, 
most infants with the disease aren't expected lo live to one year oTagc. Dr. Chen's invention, on 
the other hand, is a successful (rcatinciu of an otherwise fatal genetic disease affecting heart and 
muscle, The unexpected nalure of this success is further emphasised in the Declaration under 37 
C.F.U. §1.132 of Dr. Chen (the "Declaration"), previously submitted. 

In view of the long-felt need for u treatment, the failure of others to treat Pompe's disease 
successfully, and the unexpected success achieved by the inventor, the claimed invention would 
not have been obvious over the teachings of Fuller el nl 

The Examiner rejected Claims 1-9 and 1 1-23 under 35 U.S.C. 103(a) as being 
unpatentable over Rijvoet el al in view of Fuller ct al, stating that it would have been obvious to 
use the enzyme of Puller et al in the methods of Bijvocl el ai 

BijvocL a ai do not describe administration of GAA to a human individual, as is required 
by the claims. In addition, Bijvoet ct al. do not touch or suggest administration of GAA 
periodically, at an administration interval, nor do they describe ^treatment" of disease in a human 
individual. 

One of ordinary skill in the art, given the teachings of Uijvoet ct al, would not have been 
motivated to look to the teachings of Fuller el al regarding enzyme produced in CHO cell 
culture; in fact, Bijvoet at ai teach away from use of enzyme produced in CHO cells: they 
indicate that high production costs associated with use of enzyme produced in CHO cells are a 
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significanl concern and discuss experiments designed to provide proof of principle for obtaining 
enzyme by other meatus (Bijvoet etal, p. 1820, "Discussion"). 

Even assuming arguendo that the teachings of Bijvoet ct al were combined with the 
teachings of Fuller et one of ordinary skill in the art would not have obtained the present 
invention, One of ordinary skill in the art, using Ihc enzyme of Fuller et al in the methods of 
Bijvoet ct al, would have been motivated only to administer a single dose of the enzyme, and not 
to administer enzyme periodically at an administration interval. Furthermore, given the teachings 
of llij voct ct al in combination with the teachings of Fuller et al, one would not have had a 
reasonable expectation of .successfully treating the human individual. As discussed above, (here 
was a long-felt need for a treatment and significant failure by others iti the art to achieve 
treatment by administration of enzyme. One of ordinary skill in the art would not have known, 
given the teachings of Bijvoet et al regarding uptake of enzyme by cultured human fibroblasts, 
and increase of enzyme activity in knockout mice administered a single dose of the enzyme, 
whether periodic administration, at an administration interval, to a human individual, of GAA as 
taught by Fuller ct al, would in fact successfully "treat" the patients. Tn view of these 
considerations, the claimed invention would not have been legally obvious under Section 1 03 
over (he teachings of Bijvoet et al in combination with Fuller et al 



SUMM ARY 

The claims particularly point out Applicant's invention, specifying that a human 
individual is treated with GAA periodically, at an administration interval. The Fuller ct al 
reference used in the rejections under 35 U.S.C. 102 fails to teach every aspect of the claimed 
invenlion, as it docs not teach treatment of a human individual by administration ofhGAA 
periodically al an administration interval.. Furthermore, the cited references (Bijvoet ct al and 
Fuller et al), either alone or in combination, do not teach or suggest treatment of a human 
individual having GSD-II, by periodic administration ofhGAA at administration interval, 
wherein the hGAA is produced in Cf IO cell culture. Furthermore, given the teachings of the 
references, one of ordinary skill in the art would not have had a reasonable expectation that 
disease could, in fact, be successfully "treated" by administration of the hGAA periodically at an 
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adminislration interval. Thus, the claimed invention would not have been obvious over the cited 
references. Dr. Chen has demonstrated successful treatment of this terrible genetic disease after 
all of the failures of others. 

CON CLUSIO N 

In view oflhcsc considerations, tiic claims are in condition for allowance. Applicant's 
Attorney requests that the Examiner reconsider and withdraw all objections and rejections. 

If the Examiner believes that a telephone conversation would expedite prosecution of the 
application, (he Examiner is invited to call Elizabeth W. Mata at (91 5) 845-3558. If Elizabeth 
W. Mala cannot be reached, the Examiner is invited to call David E. Brook at (978) 341-0036. 

Respectfully submitted, 

HAMILTON, BROOK SMITH & REYNOLDS, P.C. 

By/^fA^afi^Ui^.^iu_.. 

Elizabeth W. Mata 
Registration No. 38,236 
Telephone: (978)341-0036 
facsimile: (978) 341-0136 



Concord, MA 01742-9133 
Dated: \o/^{ 0 3 
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1. Promincuuton Key 

6) 2001 by Morriam-Wcbstcr, Incorporated 
Mcmanv Webster Privacy Policy 
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QUEST Volume 10. Number 2, MARCH/APRIL 2003 



Pompe's oasease 



»<r. 



A Killer Yields to Modern Medicine 

by Dm Stimson 

You may never have heard of Pompe's disease. It affects just 5,000 to 
10,000 people in the United States, making it exceedingly rare and of little 
interest to the general public. But what it lacks in notoriety, it makes up for in 
personal devastation to those who have it. 




Robert Elmore ntttsles his son Grante ("Nikko"), who hos lived twice as 
long us expected thanks to emyme replacement therapy provided in a 
clinical trial. 

Photos by Amy Snyder 

Pompe's (also known as acid maltase deficiency) is caused by a genetic 
deficiency of an enzyme that breaks down glycogen (stored sugar) inside 
muscle cells, In its severest form, it strikes during infancy, weakening the 
heart: and the voluntary muscles, including those that control breathing. The 
disease can also manifest during childhood or adulthood, causing significant 
muscle weakness and respiratory problems, 
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Children and adults with the disease usually have a shortened life span, 
and most infants with the disease aren't expected to live beyond 1 year of 
ago. 

But these grim prognoses could soon change, thanks to research led by 
Yuan-Tsong Chen, professor and chief of Medical Genetics in the 
Department of Pediatrics at Duke University in Durham, N>C, and director of 
the Institute of Biomedical Sciences, Academia Sinica, Taiwan. Through 
basic research supported by MDA and clinical trials supported by the biotech 
company Gonzyme, Chen and his team at Duke have developed a way to 
supply the missing enzyme to people with Pompe's disease. 

In two trials, one completed in 2000 and the other last year, 1 1 babies 
have received this experimental treatment — called enzyme replacement 
therapy — and some are now healthy, walking toddlers. 



A Faulty Enzyme, Failing Muscles 

With currently available treatment, "There's not much we can do for 
babies with Pompe's disease, 11 Chen says. 

Within weeks or months of birth, an infant with the disease can become 
too weak to suckle or breathe on its own. The muscular walls of the heart 
become enlarged, shrinking the heart's inner chambers and reducing its 
pumping capacity, a condition known as hypertrophic cardiomyopathy. Most 
babies with the disease die from cardiac and respiratory failure within three to 
four months of diagnosis, Chen says. 

This picture of infant-onset Pompe's disease has changed little since it 
was first described by Dutch pathologist Joannes Pompe in the early 1930s. 
While studying at the University of Amsterdam, Pompe was asked to do an 
autopsy on a 7-month-oId girl who had been admitted to the university 
hospital with difficulty breathing and had died three days later, apparently of 
pneumonia. Expecting to see her lungs filled with fluid, he was surprised to 
find that her heart had swollen to more than three times its normal size and 
the colls within it were filled with clumps of debris, which turned out to be 
glycogen. 

It wasn't until the 1960s that other researchers discovered the underlying 
basis of Pompe's disease — a deficiency of the enzyme acid alpha- 
glucosidasc (GAA), also called acid maltase. The deficiency can now be 
detected by blood tests that probe for GAA activity or for mutations in the 
gene encoding GAA, located on chromosome 17. It's estimated that one in 85 
to 100 people carries a mutation in a single copy of the gene; it takes 
mutations in both copies, one inherited from each parent, to cause the 
disease. 

The severity of mutations in the GAA gene — that is, how much they 
alter the enzyme — determines, at least in part, the severity of the disease. 
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Mutations that destroy the protein cause infant-onset Pompe's disease, 
while mutations that leave some GAA intact tend to cause juvenile- and adult 
onset forms of the disease. 

The later-onset forms of Pompe's are primarily "muscle diseases," Chen 
says. Cardiomyopathy is mild in the juvenile form, and usually absent from 
the adult form. In children, the most common first symptom is delayed motor 
development; in adults, it's difficulty walking. For both late-onset forms, 
respiratory weakness can be severe and often requires mechanical 
ventilation, Chen says. 
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The Lysosome Connection 

Chen has been studying glycogen 
storage disease, a category of diseases that 
includes Pompe's, for more than 20 years. 
(Pompe's disease is sometimes called 
glycogen storage disease type 2 or acid 
maltase deficiency; it's one of 10 metabolic 
diseases of muscle covered by MDA's 
program.) 

Early in his career, he recognized that 
Pompe's disease was going to be a tough nut 
to crack. 



Working inside subcellular 
compQttmonts called tyzasomcs, the 
enzyme add alphn-glucosidnse (GAA) 

breaks down glycogen (top). In In most glycogen storage diseases, 

Pompe's disease, a deficiency of GAA inadequate breakdown of glycogen leads to 
causes glycogen to accumulate md hypoglycemia, a drop in blood sugar levels 

SSSSRV *- **» <•» of energy In these 

Intravenously injected gaa is taken up diseases, supplementing the diet with 
by lysosomos that have fused with the complex sugars like cornstarch can help 
cell's outer surface, eventually making maintain blood sugar levels and control 
its way to QlycoQcn-ftlled lysosomes ntnmc 
(bottom). sympioms. 

But the symptoms of Pompe's disease aren't related to hypoglycemia; 
instead, they're caused by the accumulation of glycogen itself. GAA is one of 
many enzymes found in lysosomes, compartments inside cells that "clean 
house* by trapping and degrading glycogen and other chemicals. Without 
GAA, glycogen builds up inside lysosomes and ruptures them, an effect that's 
especially damaging to muscle, which naturally makes large amounts of the 
energy-rich substance. (This makes Pompe's disease a glycogen storage 
disease and a lysosomal storage disease, a category that includes Tay- 
Sachs and Niemann-Pick diseases.) 



Chen has thus focused much of his research on how to deliver GAA to 
the lysosomes of people with Pompe's disease, This is a tall order, one that 
might seem to parallel efforts at gene therapy and stem cell therapy for 



OCT- 16-2003 THU 01:42 PM HBSR 

Ml) A / Quest Vol 10 No 2 / Pompe's Disease 



FAX NO. 1 978 341 0136 



P. 15 



y aw 4- Ol / 



muscle disease, which haven't yet shown success in the clinic. 



But Chen has been able to exploit a key 
feature of lysosomes: In their business of 
"housedeaning," they fuse with the outer 
surface of the cell, allowing them to release their 
contents and take up substances from the 
outside. Because lysosomes take in other 
substances, Chen and others reasoned that 
intravenously delivered GAA might make its way 
into the lysosomes of muscle cells. 





Building & Better Enzyme 

Enzyme replacement therapy for Pompe's 
disease wasn't his idea, Chen acknowledges, In 
clinical trials in the 1970s, patients with the 
disease were given injections of GAA isolated 
from human placenta, but the treatment failed. ST 7 f "2 Chen ' ir 

r Photos by Cramer Gailimoro 

Later, Chen says, "We learned that in order for the enzyme to work, you 
need to make a special form of it that can be taken up by the cells in 
[voluntary] muscles and in the heart. The second critical issue is how to make 
sufficient quantities of the enzyme for a clinical trial/ 

By the 1980s, scientists discovered that for efficient uptake by lysosomes 
in muscle cells, GAA and other enzymes must have a chemical "tag/ 1 called 
nmnnoso-6-phosphdte (MQP), Human placenta had been a plentiful source of 
GAA, but it produces a version of the enzyme that has very little M6P. 

In the 1990s, with advances in molecular biology and funds from MDA, 
Chen was able to engineer an M6P-laden version of the enzyme — called 
recombinant human GAA (rhGAA) ~ using a line of cells (CHO cells) to 
produce it in large amounts. 

Armed with this new enzyme, Chen formed a collaboration with 
researchers from Tokyo, who were studying a strain of Japanese quail 
rendered flightless by naturally occurring Pompe's disease. After three weeks 
of injections with rhGAA, the birds could fly. 



Chen and his team were ready to test 
rhGAA in babies with Pompe's disease, but 
first, they needed help from the biotech 
industry, 

"In order to test the therapy in humans," 
Chen explains, "we needed to make the 
enzyme in a GMP [good manufacturing 
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practice] facility, we needed to have 
every single step documented, and we 
needed large bioreactors" — incubation 
chambers for growing the CHO cells that 
produce rhGAA. "These are things we're not 
able to do in an academic research lab." 



Andy Amollitano 



A Lifesaving Treatment 



Working first with Synpac, a pharmaceutical company based in Taiwan, 
and later with Gcnzyrne, a Cambridge, Mass.-based company with a 
longstanding interest in lysosomal storage diseases, Chen began his first trial 
of enzyme replacement therapy for Pompo's disease in 1999. The results 
wore published in March 2001 in the journal Genetics in Medicine. 

The three babies in the trial, who ranged from 2 months to 4 months old 
at its inception, had once been expected to die — but all of them are still 
alive. After about a year of twice-weekly intravenous infusions with rhGAA, all 
experienced significant reductions in heart size and improvements in cardiac 
function, Genzyme has continued to supply them with the treatment. 

One baby has become "an essentially normal 
3-ycar-old boy," able to walk and to breathe on his 
own, Chen says. The other lwo T now 3 and 4 years 
old, require mechanical ventilation and haven't 
developed normal motor skills, but they havo 
normal cardiac function, he says. 

In 2001 , Gonzymo and Duke scientists 
launched a second trial involving eight babies, p r i ya Kishnani 
ranging from 3 months to 14 months old. Five of 
the infants wore studied at Duke and the others 

were studied at sites in Europe. Details of the results await publication, but 
Priya Kishnani, the trial's lead investigator at Duke, presented some of her 
data at a scientific meeting in Dublin in September. 

According to her report, all of the babies experienced significant 
reductions in heart size, two died from complications unrelated to the 
enzyme, and the remaining six were still alive after about a year of treatment. 
(For more about ono of these toddlers, see "A Time to Celebrate/) 

"It's such a fruitful experience to go from a diagnostic approach to a 
treatment approach for a disease that's considered lethal," Kishnani says, "By 
no means is this a cure; we don't know the long-term benefits or side effects 
of the treatment. But there's nothing else out there right now to change the 
natural course of this devastating disease." 
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What the Future Holds 

This year, Genzymc and the Duke team, led by Kishnani, will begin two 
larger trials of enzyme replacement therapy for Pompe's disease. 

The trials are a final step toward getting the treatment approved by the 
U.S. Food and Drug Administration, Chen says. One, already under way, is 
enrolling toddlers between 6 months and 3 years old and the other will enroll 
babies less than 6 months old. (For more information, contact Genzyme 
Medical Information at [800] 745-4447.) Each trial will recruit up to 16 patients 
and will tost a different version of rhGAA than that used in the previous trials. 

Genzyme, which has made Pompe's disease its largest research and 
development effort since its founding 21 years ago, now has an arsenal of 
rhGAA types. The company began testing enzyme replacement therapy for 
Pompe's disease in 1998, through a joint venture with Pharming, a Dutch 
biotcch company. Scientists from the two companies genetically engineered 
rabbits to produce rhGAA in their milk, and had begun testing this 
"transgenic" rhGAA in patients with the infantile and juvenile forms of 
Pompe's disease. In 2001, Pharming went into receivership and Genzyme 
acquired the rights to the transgenic rhGAA. 

Genzyme acquired another type of rhGAA, made in CHO cells like 
Chen's, when it bought the Princeton, N.J., company Novazyme 
Pharmaceuticals, 

Recently, Genzyme has developed a fourth version of rhGAA with 
"improved scalability," meaning it can be produced in larger quantities than 
previous versions. This is the enzyme that Duke researchers will lest in 
upcoming trials; once a sufficient amount of the enzyme is available, they 
hope to test it in adults with Pompe's disease, 

Looking to the more distant future, scientists at Genzyme and Duke are 
also investigating gene therapy for Pompe's disease. One potential benefit of 
this approach is "a decreased need for frequent infusions of the enzyme. You 
could envision a gene therapy treatment that would only be required yearly," 
says Andy Amalfitano, a co-investigator in the enzyme replacement therapy 
trials. 

In fact, Amalfitano says, "Pompe's disease may be one of tho best 
diseases to consider treating by gene therapy... because we have an 
opportunity to treat every muscle in the body without inserting the [GAA] gene 
into every muscle. 1 ' A virus could be used to deliver GAA to the liver, which 
could then release the enzyme into the bloodstream, Amalfi-tano explains. In 
MDA-fundcd experiments at Duke, he's used this approach to restore GAA 
activity to the musclos of mice and quail with Pompe's disease. 
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Editor's Note: Until now, MDA and Genzyme have made independent 
efforts to support tho development of enzyme replacement therapy for 
Pompe's disease. In November, MDA and Genzyme staff met at MDA's 
National Headquarters in Tucson, Ariz., and discussed plans to collaborate 
on future research. 
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Abstract Pompe disease or glycogen storage disease 
type II (OM1M 232300) is a metabolic myopathy with a 
bro^d clinical spectrum. Generalised muscle weakness 
combined with cardiomegaly presents wiihin this finl 3 
months after birth, if the lysosomal ot-glucosidase 
(AGLU) deficiency h complete. Residual enzyme activ- 
ity prevents cardiac involvement and delays onset of 
muscle weakness. Enzyme therapy, by intravenous ad- 
ministration of acid AGLU, aims to supplement the 
missing entyme activity. At the SHS symposium on 
Glycogen Storage Diseases Type I and II, in Fulda, two 
interim accounts were i»ivcn of studies on The efficacy of 
enzyme therapy for Pompe disease; one with rccombi- 
nacit human odd AGLU produced in Chinese hamster 
ovary cells and the other wilh the same cruyme pro- 
duced in the milk of transgenic rabbits. Conclusion: this 
review focuiits on the latter study, discusses the scien- 
tific, technological and commercial aspects of the 
enterprise and addresses the prospects arid challenges 
of enzyme therapy for Pompe disease. 

Keywords Acid maltose deficiency • Enzyme therapy ■ 
Glycogenosis • Lysosomal storage disease • Transgwic 
technology 

Abbreviations AGLU a-glucoaidase • CHO Chinese 
hamster ovary • CJUhf cross-reactive immunological 
material » M6P mannrtse-^pbosphate 
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Eiuyme therapy in historic perspective 

Over the past 35 years we have learned what it takes lo 
bring enzyme therapy for lysosomal storage disorders 
into practice. The concept of enzyme therapy is built on 
the key function oflysosomes in cell and tissue renewal. 
Macromolecular compounds, even whole cell organelles 
like mitochondria, are recycled by the lysosomal system 
(Fig, 1). Materials derived from the intra-cellular &par,c 
are sequestered by membranes and delivered through 
fusion of newly formed autophagic vacuoles with lyso- 
somes, Extra-cellular materials are taken up by bulk or 
receptor mediated endocytosis and are delivered by fu- 
sion of endosomes with lysosomcs. Once inside lyso- 
somes, the material is degraded by oue or a combination 
of several lysosomal hydrolases. Some of these hydro- 
lases are assisted by activator proteins (23). 

The role of Jysosomes in cellular pathology became 
evident in 1963 with the discovery of acid «-gluco$ida«: 
(AGLU) deficiency as primary defect in Pompe disease 
or glycogen storage disease type II [13). Knowing the 
function of lysosorues, it was envisaged that patients 
with lysosomal storage disorders could be treated by 
administration of the missing enzyme that would find 
its way to the lysosomes via endocytosis (Fig. \) [9], 
Expectations were high and regulations concerning the 
performance of clinical studies were less strict in those 
days than they are at present, The first attempt at 
enzyme therapy dates from 1964 and involved treat- 
ment of a patient with Pompe disease with acid AGLU 
from the fungus Aspergillus nige? [5J, Similar experi- 
ments followed using enzyme preparations from vari- 
ous other sources [30], A slight increase of acid AGLU 
activity in liver was obtained in some of these studies 
upon intravenous infusion [19], but not in muacle. 
Reduction of liver lysosomal glycogen only was 
obtained with high enzyme doses over long periods 
of time. In all instances, lack of ultimate effect ant) 
occurrence Of serious side-effects terminated the treat- 
ment. 
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In ihc period 1965-1980, numerous reports were 
published about enzyme replacement therapy in several 
of the lysosomal storage diseases, but most results were 
basically ncj>;uivt: [30]. Soioe important facts became 
evident. En/yme preparations from nan-human sources 
me antigenic, The blood brain barrier cannot be crossed, 
50 that patients with central nervous systcn> involvement 
cannot be treated for mental and motor dysfunction. 




llg. I. Ii(i7.>fOfi Kplaccrrtrtiii ibf rapy in lysosomal stouge diseases. 
Newly Gynlhwiscd lysosomal eruymcs enter \ht \umca of the 
cnriopbMnic rcJiailom co-tnanslatioHstiy. They are glycosylated, 
foltM, and equipped wiih the Mf>r* rtcftgnilion marker as 
lysosomal targeting signal (route 1). Tmide lysosonic^ thty catilyw 
tlift diftwtion of biologic**] cttnpoumff tf>at *re delivered by 
tr.4ocytofciif (extracellular) (fame 7] «ud autophagy (iatwcclluhr) 
(f»*u1r 3). InhnUrit dcjtciexi«y pf lysosomal tnzynics leads to 
lysottiiirtl storage discs sr.s. Lysosomal enzymea adminiittccd to 
eclb arc tafcetj up via b\alk (inrflficiem) ami receptor mediated 
(cftV-ient) tndocytcisix and aic delivered lo the lysosonics wh«rc 
they can supplement (be mtaring enzyme. enzymes, £72 



Advanced technology is required to secure substantial 
enzyme supplies over long periods. Around 1980, the 
focus shifted from en'/yme therapy to bone marrow 
transplantation ()SJ. 

A few people pursued the original concept and gave 
enzyme therapy a second and better chance by applying 
newly acquired knowledge on receptor mediated endo- 
cytosis. Asbwcli and Morel! [2] were among the pioneers 
to demonstrate the role of ihc asialoglycoprotcin recep- 
tor (galactose) in uptake of glycoproteins by hepatocytes. 
The mannose receptor was shown to facilitate uptake of 
proteins with mannose-tenmnating carbohydrate side 
chains by Kupffer cells and macrophages of spleen and 
bone marrow (29], and fibroblasts were found to ex- 
change lysosomal proteins via ihc mannose 6-phogphate 
(M6P) receptor (14, 21). Brady and bis group [3) were the 
first to demonstrate the potential of receptor mediated 
enzyme therapy for lysosomal storage disease in a patient 
with Gaucher disease. The ghicocerebrosidose used in the 
study was purified from human placental tissue. The 
complex carbohydrate side chains were trimmed by se- 
quential action of neuraminidase, galaaosidase und 
N-aeetyl-glucosauiinidase in order to expose mannose 
residues and thereby target the enzyme to Kupffer cells 
and macrophages in spleen and bone marrow; the major 
sites of lysosomal glycolipid storage in Gaudier disease. 
The study turned out successful enough to convince sci- 
entists, patients and industry of the feasibility of receptor 
mediated er\2yme therapy for Gaucher disease [4]. 



Eruyme therapy for Pompe disease 

We have worked along parallel lines Id investigate the 
feasibility of receptor mediated enzyme therapy for 
IPompc disease. Table I listj the critical events by date. 
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The target tissue* in Pompe disease arc muscle and 
heart. Patient*! have the same acid AGLU deficiency in 
oil tissues, but tlw lysosomal glycogen accumulation and 
the symptomatology arc (argdy restricted to skeletal 
muscle when the residual enzyme activity is 5% -25% of 
the normal range, At lower activity levels, heart and 
other tissues become increasingly involved. There is 
typically a clinical spectrum from early onset very severe 
to late onset wild disease. Affected infants have car- 
diorucgaly around birth. They present as floppy babies 
and die usually before 1 year of age due to cardiore- 
spiratory failure. Onset of symptoms is delayed, and 
cardiomcgnly prevented by low levels of residual AGLU 
activity. In extreme cases, the skeletal muscle weakness 
m;iy remain Obscure until the sixth decade (27], 

Our initial studies on the feasibility of enzyme re- 
placement tlucapy for Pompe disease were directed 
towards establishing the presence of M6P receptors ou 
cauliomyocytes and skeletal muscle cells and testing 
whether these couki be employed to facilitate uptake of 
acid AGLU [26]- To this end, muscle biopsies of pa- 
tients were dissociated with eoltegenase and trypsin, 
and myoblasts (satellite cells) were taken into culture. 
li turned out no problem to correct the lysosomal 
glycogen storage in these cells by addition of M6P- 
contaiaing acid AGLU to the culture medium [32, 33, 
34). Herewith, the first requirements were fulfilled, but 
the experimental set-ivp dots not mimic the reality in 
dttail. When enzyme therapy is performed via intra- 
venous infusion, (he muscle cells do not come into di- 
rect contact with the enzyme like thty do in tissue 
culture The endothelial barrier of the capillaries needs 
to be crossed and the interstitial connective tissue 
(ondoruysium) needs to be passed. In this respect, the 
wtuation in Pompe disease is far different from that in 
Gaucher disease where there are no barriers between 
the Kupffer cells and the enzyme in the circulating 
blood. In Fabry disease the situation also U favourable 
compared to PoropC disease because the endothelial 
cells ore a primaiy target. Nevertheless, we did obtain 
uptake of add AGLU in muscle and heart of mice 
after intravenous administration of M6P-containing 
AGLU from bovine testis. The uptake of AGLU 
without M6P was less [35], 



Techok*! chftAengfcs and financing 

It took another 8 years before the first clinical trial of 
enzyme therapy in Pompe disease started. The time was 
spent on the development of technology to prod ace 
therapeutic grade recombinant human AGLU on a large 
scale, Therapy for Gaucher disease started with the he- 
roic action of Gen2yme Corporation (Boston, USA) to 
produce tailor-made etucocercbrosidasc f r0TO ldns d f 
human placenta*. Thcr investment paid off for all parties. 
Patients with non-neurological forms of Gaucher disease 
(ivpe 1) obtained an effective medicine [12]. Scientists 
were pleased because their ideas were realised, The 



company had shown its strength by bringing a new drug 
on the market and obtained returns. 

The Orphan Drug Legislation, lending certain 
attractive rights to companies marketing medicines for 
rare diseases, has played an important role in this 
development. The past 5 years have shown conceited 
action of scientists, patients, industry and investors to 
be a golden formula for developing enzyme therapy for 
lysosomal storage diseases. Belief in ensyme therapy has 
returned. More importantly, the first reports confirming 
efficacy have appeared and clinical trials ait ongoing 
for at least four of the lysosomal storage diseases [1, 10, 
20, 2&, 31]. In all instances, the protocols are directed to 
receptor-mediated tissue targeting, and recombinant 
DNA technology is applied for controlled large-scale 
enzyme production. The investment climate is excellent, 
The market seems profitable enough to have several 
companies competing for the same product Both TKT 
(Bosiod, USA) and Genzyme Corporation have laun- 
ched enzyme therapy for Fabry disease, pour compa- 
nies are presently engaged in the development of 
enzyme therapy for Pompe disease, Gtozymc/Pharm- 
ing/Synpac as conglomerate and Novazyme (Oklahoma 
City, USA) as newcomer on the lysosomal disease 
market, As of August 2001, Genzyrae and Novazyme 
have merged . 

Back in 1991 there was do company strong and ex- 
perienced enough to take up the challenge of producing 
recombinant acid AGLU for the treatment of Pompe 
disease, but research continued. Two Chinese hamster 
ovary (CHO) cell lines expressing high levels of recoup 
binant enzyme were produced in university centres using 
the same AGLU cDNA but different vector systems [1 1, 
36]. Using our CHO cell line, we produced a sufficient 
amount of enzyme to deliver proof of the principle of 
enzyme therapy in a mouse model of Poaipc disease (7J. 
Simultaneously, therapeutic effect was shown in Japa- 
nese quails with the disease using the other CHO cell line 
122]. Meanwhile, a completely different technology 
emerged which involved the production of medicines in 
the milk of transgenic animals [18]. Genomic DNA 
constructs are typically used in this production process 
in contrast to cDNA constructs employed in CHO cells 
(Fig. 2), The acid AGLU gene is linked to the promoter 
region of the bovine u^i-casein gene ihat promote* high 
level expression in epithelial cells of the mammary gland 
The construct is introduced in the animals' genome by 
injection into the pronucleus of fertilised oocytes;. Em- 
bryos are implanted in foster mothers and a line of 
transgenic animals is obtained by germline transmission. 
Tlie enzyme is harvested from the milk. Both production 
systems require downstream processing, The recombi- 
nant human acid AGLU from either milk or CHO cell 
media needs to undergo several rounds of purification 
before it can be administered intravenously to patients. 
The end products from CHO cells and milk are very 
similar in molecular mass (110 kD). and kinetic prop- 
erties [7, 11 f 36], The carbohydrate composition m;»y 
vary slightly depending on the enzyme source. 
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Fig. 2. RcccmUinaiu human 
AGhU from nbhil milk, TK(i 
human acid JGLV&wz is fuKfd 
tn ti,5 Vb of ihe bovine « S i- 
cufcein promoter and as such 
injected in l>it onuckus of 
frrlifoed rabbit oocyi^ to £cn- 
cjotc trau^cnic founders. A. 
uansgcnialinc is obtained ly 
bTCttlinfl. Frmalrg product* 
recombinant human or/yuic in 
the manmwiy ghud darina 
bclaliciji uutf wcrtte the picrf- 
IK-I In Uiclr milk. The eruyw* is 
e&U'ar.ird from the milk in 
fici/cfil purification Heps and 
admtafeief mtmvccicnwiy to 
the patten (s 
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Recombinant acid AGLU from CHO cells and mouse 
mitk, both produced in our own laboratory, arc equally 
efficiently taken up by cultured fibroblasts of patients 
with Foinpo disease via the M6P receptor. However the 
same rn/yroe from rabbit milk is taken up Jess efficiently 
by cuKmcd fibroblasts. Interestingly, the uptake or the 
two enzymes by the target tissues of mice is not consis- 
tently different (unpublished results). More extensive 
studies ore needed to verify these initial findings, 



Recombinant human acid AGLU from both sources 
were finally tested in the clinic (Table 1). Or Chen of 
Duke University, North Carolina, USA reported at the 
SUS symposium in Fulda the results of his study with 
CHO emtymt We have summarised below the design 
nml outcome of our stvrdy in which ihe en*yrne from 
rabbit milk was used |31], 



Sludy design and outcome 

The aim of the study was to tesi safety and efficacy of 
recombinant human AGLU from rabbit milk in patients 
wiih the severe infantile form of Pompe disease. For 
inclusion* patients had to have the combination of 
{jencralised muscle weakness, cardiomegaly, acid AGLU 
deficiency and glycogen storage in skeletal muscle. 
Patients older than 10 months awl those who were 
depended on artificial ventilation were excluded. Four 
patients wine included; two with an advanced stage of 



disease (7 and $ months old), and two younger patients 
who were in significantly belter condition at inclusion 
(2.5 and 3 months old). The two older patients were 
practically immobile at the time of inclusion. They re- 
quired supplemental oxygen and had signs of cardiac 
instability, One of them became respirator dependent 
directly after inclusion before the start of treatment. The 
other patient became ventilator dependent after 10 
weeks of treatment during a bout of pneumonia, One of 
the younger patient* had signs of cardiac decompensa- 
tion and respiratory distress at birth and was fed by 
nasogastric lube,- The fourth patient was diagnosed at 
birth when he showed cardiomegaly on a chest X-ray 
film that was taken for disease unrelated indication. 
Both younger patients manifested axial hypotonia, head 
lag and slipping through. 

The recombinant human AGLU from rabbit milk 
was administered intravenously in a weekly dose of 15- 
20 mg/kg (at start of treatment) to 40 mg/kg (at present) 
and is generally well tolerated. Transient reactions art 
seen sometimes during infusion, such as fever, malaise, 
erythematous rash, sweating! flushing and tachycardia. 
All are manageable without medication/ After 12 weeks 
of treatment with the law dose, the add AGLU activity 
in muscle had increased from I %-2% of normal (before 
treatment) to i 2%-28%, ihe levels typically measured in 
lalc-onset Tompe disease. During the 12 following week* 
with high dose, the activity increased to norma] levels. 
After 36 weeks of treatment, we observed improvement 
in muscle morphology in the younger patient who Was in 
the best condition at the start of treatment. Muscle tissue 
sections stained less intense for glycogen (PAS staining) 
und muscle fibres appeared loss damaged. Similarly clear 
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M changes were at ihm time not yet evident in muscle bi- 
ll opsics of lh;*. oHut three patients, 
n Cardiac changes were monitored by ultrasound. The 
H left veniricular mass index of atl patient^ exceeding 
M approximately ihre« times normal at inclusion, de- 
ll creased after Rlnu of treatment (up to 25% of baseline 
II for one of the parents). Signs of cardiac instability dis- 
H appeared in all cases. 

II AU patients gained strength over the first 36 weeks of 
il treatment. They les/ncd to plqy >vith toys. The two 
§1 younger patients j^rfonu better than the two older ones. 
El One of the yuuu£t:r patients learned to lift her legs from 
¥M the surface and touch her feet whilst playing. At present 
nfl she cm sit independently. The other, with the best con- 
El dilkm at start of treatment, has learned to sit and crawl at 
HI 9,5 months of age. At 12 months he could creep and 
61 sfaud with support of one arm and he could walk at 16 
W mouths. Importantly, all patients have well passed the 
H age of 1 year which is more than the average Jife exp*c- 
H nncy of patients with infantile Pompe disease. All four 
H patients receive continuous treatment to evaluate the 
El long-tcim effect of enzyme replacement therapy on mo- 
Kl tor and moutal development and overall quality of life, 

H 

n Results of two trials 

fj Comparing the studies with recombinant human AGLU 

I from rabbit milk: and CHO cells, there arc differences 
3nd fflmilaritics in outcome. One patient in each study 
lesponds very well. The patient treated with rabbit milk 
enzyme had a characteristic cardiomcgaly at birth. The 
patient uealed with CHO enzyme had a normal baseline 
cardiac evaluation with a left ventricular mass at two 
standard deviations above the norm (close to the P98) 
wlnrri treatment was started at 3 months after birth. 
Obviously, we are confronted with clinical diversity 
preventing in part Iho comparison of data. Further, dose 
level and infusion frequencies were different in the two 
trials. A second paik-nt in the study with rabbit milk 
enzyme responds well in that she has acquired the ability 
to toll over and sit and has remained ventilator inde* 
pendent over the first 72 weeks. The patient is homo* 
zygote for the deUaT525 mutation and does not produce 
endogenous acid AGLU, Her progress demonstrates 
that a cross- reactive immunological materia) (CRIM) 
ne&ative status is not a priori inhibitory for successful 
treatment, la contrast, the two CR.IM negative patients 
in the trial with CHO enzyme were said to respond ini- 
tially well to the treatment, but their condition declined 
when high antibody litres developed against the re- 
combinant enzyme The other patients in both trials are 
CRJM positive to iome extent. The difference in ami- 
body response is multi-interpretable. First of all, the 
enzyme preparations used are probably riot identical 
with respect to precise molecular structure, notably the 
carbohydrate composition. Second, the two prcpara- 
lions may contain various types and degrees of impuri- 
ties and are formulated differently. This may affect their 



iinmunogcnicity. Moreover, the dosing regimen was 
different at the two lest sites. All these factors, separate 
or together, may explain why CKJM negative patients 
respond differently to the two enzyme preparations. 



Prospects and challenges 

The positive effects of enzyme therapy for Pompc disca.se 
are too strong to deny. For the benefit of patient*, en- 
zyme therapy ought to be brought to the market. It re- 
quires a Phase III trial to deliver final proof of 
therapeutic effect. The current pilot studies with xabbit 
milk and CHO enzyme indicate that quick. and con- 
vincing results can be obtained by extension of studies in 
patients with the infamile form of Pompe disease; but, at 
the same time, it setms inevitable that not all included 
patients will respond equally well. The problem can in 
part be managed by careful definition of inclusion and 
exclusion criteria and proper dosing. A second challenge 
is to prove efficacy of enzyme therapy in late onset 
Pompc disease. The milder affected patients live longer 
and are coutmuou&ly confronted with loss of quality of 
life. It is essential for them (o implement therapy at the 
earliest possible moment in order to prevent irreversible 
damage of muscle function. In theory, it is easier to 
correct the enzyme deficiency in late onset than in early 
onset disease because the residual AGLU activity is 
significantly higher in the former than in the latter 
condition. On rhc other hand, it has to be awaited 
whether adult muscle tissue is equally accessible for the 
enzyme and equally reparable as growing muscle of in- 
fants. 

As it stands, the prospects of enzyme therapy for 
Pompe disease are good, but hurdles still need to be 
overcome. In April 2000, Gtnzyme-Pharming LLC an- 
nounced the discontinued development of enzyme re- 
placement therapy with recombinant human AGLU 
from rabbit milk. The companies stated that they be* 
lieved production in CHO cells to be quicker. A new 
study with enzyme from CHO cells was started in May 
2001. AH together, that is more than. 35 years after the 
first trials were undertaken. Patients, investigators and 
companies arc eagerly awaiting the outcome. 
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